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Abstract
In this paper we study the Nielsen identity for the supersymmetric Chern-Simons-matter model
in the superfield formalism, in three spacetime dimensions. The Nielsen identity is essential to un-
derstand the gauge invariance of the symmetry breaking mechanism, and it is obtained by using the
BRST invariance of the model. We discuss the technical difficulties in applying this identity to the
complete effective superpotential, but we show how we can study in detail the gauge independence
of one part of the effective superpotential, Keff . We calculate the renormalization group functions
of the model for arbitrary gauge-fixing parameter, finding them to be independent of the gauge
choice. This result can be used to argue that Keff also does not depend on the gauge parameter.
We discuss the possibility of the extension of these results to the complete effective superpotential.
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I. INTRODUCTION
The effective potential is used to calculate physically meaningful quantities such as the
masses for physical particles, and therefore its possible gauge dependence is an important
question that have been studied in the literature for quite some time. Given that physical
observables cannot depend on the gauge choice, it is essential to understand how to extract
gauge independent information from perturbative calculations of the effective action in gauge
theories [1–3]. A very robust formalism to address this question was developed by Nielsen,
Kudo and Fukuda [4, 5], providing identities that encode the behavior of the effective action
under changes of the gauge-fixing parameter. The so-called Nielsen identities imply that the
gauge dependence of the effective action is compensated by a non-local field redefinition.
For the effective potential, for example, the Nielsen identity reads(
α
∂
∂α
+ C (σ;α)
∂
∂σ
)
Veff (σ;α) = 0 , (1)
where σ is the vacuum expectation value of the scalar field, α is the gauge-fixing parameter,
Veff the quantum effective potential, and C (σ;α) is a function which can be calculated
in term of Feynman diagrams. A consequence of this relation is that physical quantities
defined at extrema of the effective potential become gauge-independent [4, 6, 7]. We find in
the literature many examples of the application of the Nielsen identities in condensed matter
physics, QCD, QED, the Standard Model, ABJM theory, to name a few [8–14].
In the context of the Chern-Simons (CS) models, there have been reports of computations
performed in a specific gauge, such as the evaluation of the renormalization group functions
presented in [15, 16], which considered the models both with and without supersymmetry,
assuming as true the gauge invariance. However, one must keep in mind that, on general
grounds, renormalization group functions can depend on the choice of the gauge-fixing pa-
rameter [17–21]. Many other recent works in the literature also presented calculations in
a specific gauge, without discussing the question of gauge dependence, such as studies re-
garding the effective superpotential of supersymmetric CS models coupled to matter [22–27],
one exception being [28], which considered the large N limit. Since the effective potential
can be dependent on the gauge-fixing parameter in general [1, 2], a proper study of gauge
independence in CS models is still lacking.
Following theses ideas, our first goal is to study the Nielsen identity in the context of
supersymmetric CS theory, working in the superfield formalism [29, 30], in which the su-
2
persymmetry is manifest in all stages of the calculation. We start by finding the general
Becchi-Rouet-Stora-Tyutin (BRST) transformations associated to this theory, then use this
result to obtain the Nielsen identity for the effective superpotential V Seff . The detailed de-
velopment of the Nielsen formalism in the superfield language is the first result of this work.
However, the direct application of this identity for superfield models in three spacetime di-
mensions is complicated by the difficulty in calculating the complete effective superpotential
V Seff in the superfield language [24]. As a first step in this direction, we consider the part
of the effective superpotential which does not depend on supercovariant derivatives of the
background scalar superfield, Keff . We calculate the renormalization group functions with
arbitrary gauge-fixing parameter, and we show explicitly that these are indeed gauge inde-
pendent. Since Keff can be calculated from these functions as shown in [27], it follows that
Keff also does not depend on the gauge choice. We discuss how to extend these results to
the complete effective superpotential V Seff .
This paper is organized as follows: in Section II, we present our model and study its
invariance under BRST transformations. These results are used in Section III to find the
Nielsen identity in the superfield formalism. The question of the gauge (in)dependence
of the effective superpotential is discussed in Section (IV). In SectionV, we calculate the
renormalization group functions in the scale invariant version of our model, up to two loops,
with an arbitrary gauge-fixing parameter. We find these functions to be gauge independent:
this, together with the results of the other sections, allows us to firmly establish the gauge
independence of part of the effective superpotential. SectionVI presents our conclusions
and perspectives. The two-loops integrals needed for our calculations are presented in the
Appendix.
II. BUILDING AN INVARIANT LAGRANGIAN UNDER BRST TRANSFORMA-
TIONS
In this section we investigate the BRST transformations in a N = 1 supersymmetric
Chern-Simons-matter model in (2 + 1) dimensions. Our starting point is the action
SCS =
ˆ
d5z
{
−
1
2
ΓαWα −
1
2
∇αΦ∇αΦ−mΦΦ +
λ
4
(
ΦΦ
)2}
, (2)
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where Wα =
1
2
DβDαΓβ is the gauge superfield strength, ∇α = (Dα − ig Γα) is the gauge
supercovariant derivative, Dα = ∂α + iθβ∂
βα is the usual supersymmetric supercovariant
derivative andm is a mass parameter. In this section we will work with a non vanishing mass
parameter m (Higgs model), instead of a theory with conformal invariance at the classical
level (Coleman-Weinberg [31] model), both for the sake of generality, and also because the
m = 0 case would be more complicated to analyze in the context of the Nielsen identities [4,
6, 32].
The action 2 is invariant under the gauge transformations
δgΦ = igKΦ, δgΦ = −igKΦ, δgΓα = DαK , (3)
where K is a scalar superfield; these can be rewritten as a BRST transformation,
δBΦ = iǫgCΦ, δBΦ = −iǫgCΦ, δBΓα = −ǫDαC , (4)
where C is a ghost superfield and ǫ is an infinitesimal constant parameter, both being
Grassmannian. As for the BRST transformation of the ghosts fields, since we consider an
Abelian model [33], we have
δBC = 0, δBC = ǫB (z) , (5)
B (z) being a scalar superfield, known as the Lautrup-Nakanishi auxiliary field in quantum
field theory. The BRST transformations are nilpotent [7], i.e.,
δ2BC = δ
2
BC = δ
2
BΓα = δ
2
BΦ = δ
2
BΦ = 0 , (6)
which implies that δBB (z) = 0.
Now let us write the following Lagrangian,
Lt = LCSM + δBO, (7)
which is invariant by the BRST transformations; here,
O (z) = C (z)
(
−α
1
4
B (z) +
1
2
F (z)
)
, (8)
where F (z) is a gauge fixing function and α the gauge-fixing parameter. Applying the BRST
transformation on the operator O (z), we have
δBO = −ǫ
α
4
B2 + ǫ
1
2
B F +
1
2
C (δF ) . (9)
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Integrating out the superfield B (z), we obtain
O (z) =
1
4
C (z) F (z) , (10)
and
δBO = ǫ
1
4α
F 2 +
1
2
C (δF ) . (11)
Therefore, the total Lagrangian, after setting ǫ = 1, and redefining the scalar superfield as
Φ = 1√
2
(Φ1 + iΦ2), reads
Lt =
1
2
ΓαW
α +
1
2
(
Φ1D
2Φ1 + Φ2D
2Φ2
)
−
1
2
m
(
Φ21 + Φ
2
2
)
−
1
4
g2CαβΓβΓα
(
Φ21 + Φ
2
2
)
+
1
2
g [Φ1D
αΦ2 − Φ2D
αΦ1] Γα +
λ
16
(
Φ21 + Φ
2
2
)2
+
1
4α
F 2 +
1
2
C
δF
δK
C . (12)
An useful class of gauge fixing conditions, which is the supersymmetric generalization of
the Rξ gauge, is given by
F = DαΓα + d gΦ2, (13)
where d is an arbitrary parameter that can be chosen to eliminate the mixing between the Φ2
and Γα, for example [22, 25]. We leave the value of d unspecified, in which case in general one
would need to consider mixed propagators to evaluate quantum corrections [4, 6–8]. With
this choice of gauge fixing, we end up with the Lagrangian
Lt =
1
4
ΓαW
α +
1
2
(
Φ1
[
D2 −m
]
Φ1 + Φ2
[
D2 −m
]
Φ2
)
−
1
4
g2CαβΓβΓα
(
Φ21 + Φ
2
2
)
+
1
2
g [Φ1D
αΦ2 − Φ2D
αΦ1] Γα
+
λ
16
(
Φ21 + Φ
2
2
)2
+
1
4α
F 2 + C D2C +
1
2
d g2Φ1CC, (14)
which is invariant under the BRST transformations:
δBΓα = −ǫDαC, (15a)
δBΦ1 = −ǫgΦ2C, (15b)
δBΦ2 = ǫgΦ1C, (15c)
δBC = −ǫ
1
α
F , (15d)
δBC = 0 . (15e)
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Finally, we add to the Lagrangian the source terms
Lsource = J
µΓµ + ηC + Cη + f1Φ1 + f2Φ2 − gK1Φ2C + gK2Φ1C + hO , (16)
where Jµ, η, η, f1 and f2 are the sources of the basic superfields, while K1, K2 and h are
sources for the composite operators.
III. OBTAINING THE NIELSEN IDENTITY
Our starting point is the generating functional,
Z [Ja] = e
iW [Ja] = N
ˆ
Dφae
iS, (17)
where Ja represent all the sources and Dφa the path integral over all superfields that are
present in the action
S =
ˆ
d5z (Lt + Lsource) . (18)
Applying the BRST transformations on W [Ja], the invariance of Lt implies that
0 =
1
Z [Ja]
N
ˆ
Dφae
iS
ˆ
d5z (δBLsource) , (19)
where
δBLsource = ǫJ
µDµC − ǫ
1
α
Fη − ǫgf1Φ2C + ǫgf2Φ1C + hǫO˜ , (20)
and
δBO = ǫO˜ . (21)
We also quote the useful relations
δW [Ja]
δJµ
= Γµ ,
δW [Ja]
δη
= −C , (22a)
δW [Ja]
δη
= C ,
δW [Ja]
δf1
= Φ1 , (22b)
δW [Ja]
δf2
= Φ2 ,
δW [Ja]
δK1
= −gΦ2C , (22c)
δW [Ja]
δK2
= gΦ1C . (22d)
The quantum effective action is defined by means of a partial Legendre transformation,
Γ [φa] = W [Ja]−
ˆ
d5z
(
JµΓµ + ηC + Cη + f1Φ1 + f2Φ2
)
, (23)
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where the sources h and Ki are not Legendre transformed. Besides the usual relations,
δΓ [φa]
δΓµ
= Jµ ,
δΓ [φa]
δC
= η , (24a)
δΓ [φa]
δC
= −η ,
δΓ [φa]
δΦ1
= −f1 , (24b)
δΓ [φa]
δΦ2
= −f2 , (24c)
one can also prove that [6],
δΓ [φa]
δh
=
δW [Ja]
δh
, (25a)
δΓ [φa]
δKi
=
δW [Ja]
δKi
, (25b)
∂Γ [φa]
∂α
=
∂W [Ja]
∂α
. (25c)
Using these relations, Eq. (19) can be cast as
−
1
Z [Ja]
N
ˆ
Dφae
iS
ˆ
d5z
(
hO˜
)
=
ˆ
d5z
(
δΓ [φa]
δΓµ
DµC −
1
α
F
δΓ [φa]
δC
−
δΓ [φa]
δΦ1
δΓ [φa]
δK1
−
δΓ [φa]
δΦ2
δΓ [φa]
δK2
)
, (26)
which after functional differentiation with respect to h and taking h = 0, reduces to
−
1
Z [Ja]
N
ˆ
Dφae
iSO˜ =
ˆ
d5z
(
δΓ [O (z)]
δΓµ
DµC −
1
α
F
δΓ [O (z)]
δC
−
δΓ [O (z)]
δΦ1
δΓ [Ja]
δK1
−
δΓ [φa]
δΦ1
δΓ [O (z)]
δK1
−
δΓ [O (z)]
δΦ2
δΓ [φa]
δK2
−
δΓ [φa]
δΦ2
δΓ [O (z)]
δK2
)
, (27)
where
δΓ [O (z)] =
δΓ [φa]
δh
∣∣∣∣
h=0
. (28)
The operator O˜ in (27), in the class of supersymmetric Rξ gauges we are considering, is
given explicitly by
O˜ =
1
4α
F 2 + CD2C +
1
2
d g2Φ1CC , (29)
which, by using the equation of motion δS/δC = 0, reduces to
O˜ =
1
4α
F 2 − Cη . (30)
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By differentiation of W [J ] = −i lnZ [J ] with respect to the gauge parameter α, considering
Eq. (14), one obtains that
α
∂W [Ja]
∂α
=
1
Z [Ja]
N
ˆ
Dφa
(
−
ˆ
d5z
1
4α
F 2
)
eiS , (31)
and proceeding similarly,
−
ˆ
d5r η (r)
δW [Ja]
δη (r)
=
1
Z [Ja]
N
ˆ
Dφae
iS
(ˆ
d5r η (r)C (r)
)
. (32)
These relations, together with Eqs. (25), (24) and (22), allows us to rewrite Eq. (27) as
α
∂Γ [φa]
∂α
+
ˆ
d5z
δΓ [φa]
δC
C =
ˆ
d5r
ˆ
d5z
(
δΓ [O (z)]
δΓµ
DµC −
1
α
F
δΓ [O (z)]
δC
−
δΓ [O (z)]
δΦ1
δΓ [φa]
δK1
−
δΓ [φa]
δΦ1
δΓ [O (z)]
δK1
−
δΓ [O (z)]
δΦ2
δΓ [φa]
δK2
−
δΓ [φa]
δΦ2
δΓ [O (z)]
δK2
)
. (33)
This expression is the base for obtaining the Nielsen identity.
The effective superpotential is obtained by setting Φ1 = σcl in the effective action,
Γ [Φ1, α]|Φ1=σcl = V
S
eff (σcl, α) , (34)
where
σcl = σ1 − θ
2σ2 (35)
is the spacetime constant expectation value of the scalar superfield. By taking C = C =
Φ2 = Γα = 0 in Eq. (33), after some manipulations, we end up with[
α
∂
∂α
+ CS (σcl, α)
∂
∂σcl
]
V Seff (σcl, α) = 0, (36)
where
CS (σcl, α) =
ˆ
d5z
δ2Γ [O (z)]
δK1 (0) δh (y)
∣∣∣∣
K1=h=0
, (37)
which is the Nielsen identity for the superpotential.
IV. ON THE GAUGE (IN)DEPENDENCE OF THE EFFECTIVE SUPERPOTEN-
TIAL
The effective superpotential in three spacetime dimensions have the general form
V Seff (σcl, α) = −
ˆ
d5z
[
Keff (σcl, α) + F
(
Dασcl, D
ασcl, D
2σcl, σcl, α
)]
, (38)
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where we made explicit the potential gauge dependence. Here, Keff is the part of the
effective superpotential that do not depend on derivatives of the background classical su-
perfield σcl, similarly to the Kälerian effective superpotential defined in four dimensional
models [29, 30]. In the context of dynamical gauge symmetry breaking, it is enough to con-
sider only the Keff [22, 25–28], while a study of a possible supersymmetry breaking would
involve also the knowledge of F [34, 35].
An explicit perturbative evaluation of V Seff starting from Eq. (14), within the superfield
formalism, is in general quite difficult. The root of this problem is the fact that the classical
superfield σcl is spacetime constant, but its covariant derivatives do not vanish, Dασ 6= 0.
This, for example, complicates the calculation of the free superpropagators of the model,
since powers of σcl appear in the quadratic operators which have to be inverted. This leads
to the appearance of noncovariant superpropagators, as shown in [34, 36]. In these works,
the effective superpotential of the supersymmetric Chern-Simons-matter and QED models
was calculated up to two loops. Part of these calculations was performed in an arbitrary
gauge, but the final results for the effective superpotential are obtained in the Landau gauge.
Another perspective on the difficulties of evaluating the full effective superpotential in the
superfield formalism, using heat kernel techniques, can be found in [24].
One possibility to obtain a full computation of V Seff within the superfield formalism
would involve the use of the Renormalization Group Equation (RGE). This approach was
used to calculate Keff in the massless limit of the model, in which case the action (2) is scale
invariant, in [27]. Essentially, one may consider Keff as a function of the single mass scale
σ1, and imposes the RGE,[
µ
∂
∂µ
+ βx
∂
∂x
− γΦσ1
∂
∂σ1
]
Keff (σ1;µ, x, L) = 0 , (39)
where x generically denotes the coupling constants of the theory, µ is the mass scale intro-
duced by the regularization,
L = ln
[
σ21
µ
]
, (40)
and γΦ is the anomalous dimension of scalar superfield. The scale invariance of the model
constrains the form of the radiative corrections to Keff , so that a simple ansatz can be
made, which inserted in Eq. (39) provides a set of recursive equations from which coefficients
of the so-called leading logs contributions to Keff can be found. This technique could
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be in principle extended for the full effective superpotential V Seff , but in this case more
complicated, multiscale techniques would be needed [37, 38], since V Seff should be considered
as a function both of σ1 and σ2.
The derivation of the effective superpotential from the renormalization group functions,
by means of the RGE, may allow one to infer from the gauge (in)dependence of the beta
functions and anomalous dimensions the gauge (in)dependence of the effective superpotential
itself. This is something we can do for theKeff , since it was already established in [27] how it
can be calculated from the renormalization group functions. Therefore, in the next section,
we will present a detailed computation of the beta and gamma functions in an arbitrary
gauge, showing that the result is indeed gauge independent. By this reasoning, we can
conclude that Keff do not depend on the gauge parameter. That means, when only Keff is
considered, the Nielsen identity (36) is trivially satisfied with CS = 0.
These results may suggest the gauge independence of the whole effective superpotential
V Seff , but without explicitly establishing that the RGE fixes the form of F in some approxi-
mation, without ambiguities, from the renormalization group functions, which we know are
gauge independent, we believe this is still an open question. The discussion of [34, 36] is
not conclusive in this regard, since most of the results are presented in a specific gauge,
but some gauge dependence was found in the effective superpotential of the supersymmetric
QED model. It is also not simple to use the Nielsen identity itself to investigate this point
since, as discussed in [4, 6], the calculation of CS in the massless case is complicated by the
fact that different loop orders contribute to CS in a given order in the coupling constants.
V. GAUGE INVARIANCE OF THE RENORMALIZATION GROUP FUNCTIONS
In this section, to establish the gauge independence of the renormalization group functions
of our model, we consider them = 0 version of Eq. (2), generalized to exhibit a global SU (N)
symmetry,
SCS =
ˆ
d5z
{
−
1
2
ΓαWα −
1
2
∇αΦa∇αΦa +
λ
4
(
ΦaΦa
)2}
, (41)
where theN matter superfields carry indices of the fundamental representation of the SU (N)
group. We introduce the gauge-fixing action,
SGF =
1
4α
ˆ
d5z (DαΓα)
2 , (42)
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D1 D2 D3
Φ¯i Φ¯j
Φm Φn
Φ¯i
Φj
Γβ
Γα
Γα
p
q
Φ¯i
Φj
Figure 1: Elementary vertices of the model, where a continuous line is associated to a scalar
superfield, and a wavy line to the gauge superfield.
but differently from what is done in the literature [15, 22, 28], we will perform all calculations
with an arbitrary gauge-fixing parameter. From Eqs. (41) and (42) we have,
S =
ˆ
d5z
{
1
4
Γα
[
DβDα +
1
α
DαDβ
]
Γβ −
1
2
g2CβαΓ
αΓβΦaΦa
+ΦaD
2Φa −
i
2
g
[
ΓαΦaDαΦa −
(
DαΦa
)
ΓαΦa
]
+
λ
4
(
ΦaΦa
)2
+ Lct
}
, (43)
where the counterterm Lagrangian is,
Lct =
(ZΓ − 1)
4
ΓαD
βDαΓβ +
(ZΦ − 1)
2
∇αΦa∇αΦa +
λ
4
Zλ
(
ΦaΦa
)2
, (44)
ZΓ, ZΦ and Zλ being the counterterms needed to make the renormalized quantities finite in
each order of perturbation theory. From Eq. (43) it follows the scalar and gauge propagators,
〈
Φi (k, θ1) Φj (−k, θ2)
〉
= iδij
D2
k2
δ2 (θ1 − θ2) , (45)
and
〈Γβ (k, θ1) Γρ (−k, θ2)〉 =
i
2k2
(DρDβ + αDβDρ) δ
2 (θ1 − θ2) , (46)
where
DρDβ + αDβDρ = b (α) kρβ + a (α) CβαD
2 , (47)
and
a (α) = 1− α ; b (α) ≡ 1 + α . (48)
The elementary vertices are represented in Figure 1 and their analytic expression are
i V
(ΦaΦa)
2 = 2 i λ (δinδjm + δimδjn) , (49)
i VΦaΦaΓβΓα = i g
2 δij C
αβ , (50)
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Figure 2: Two loops diagrams contributing to the two-point vertex function of the scalar superfield
Φ.
and
i VΦaDαΦaΓα−ΦaDαΦaΓα =
1
2
δij g [D
α (p)−Dα (−q)] , (51)
where an integration in the Grassmann coordinate of the superspace is omitted at each
vertex.
The use of regularization by dimensional reduction means that all super-algebra manip-
ulations are performed in three dimensions, while momentum integrals are calculated at
dimension d = 3 − ǫ. The use of this regularization scheme guarantees that the one loop
correction are finite. All algebraic manipulations of supercovariant derivatives needed for
the evaluation of supergraphs were performed with the Mathematica package SusyMath [39];
explicit details about the calculations will be presented elsewhere [40].
We start by calculating the two-point vertex functions associated to scalar and gauge
superfields. For the case of the scalar superfield, the diagrams that contribute are represented
in the Figure 2, and the corresponding results are given in Table I. For the divergent part of
the two points vertex function, up to two loops, we can write
S2 loop
Φ¯Φ
=
i
4 (32π2ǫ)
[
− (N + 1)λ2 +
1
4
(a + b)2 (2N + 3) g4
]ˆ
d3p
(2π)3
d2θΦi (p, θ)D
2Φi (−p, θ) ,
(52)
12
D1 −2 (N + 1)λ2 D2 (a+ b)2 g4N D3 a (b− 3 a) g4 D4 a (b− 3 a) g4
D5 12
(
3 a2 + 2 a b+ 3 b2
)
g4 D6 2 a2 g4 D7 0 D8 0
D9 4 a2 g4 D10 0 D11 0
Table I: Divergent contributions from each diagram presented in Figure 2, with the common factor
1
8
(
i
32π2ǫ
) ´
d3p
(2π)3
d2θΦi (p, θ)D
2Φi (−p, θ) omitted.
Figure 3: Two loop diagrams contributing to the two-point vertex function of the gauge superfield
Γα.
which fixes the value of the ZΦ counterterm as
ZΦ = 1 +
i
4 (32π2ǫ)
[
− (N + 1) λ2 +
1
4
(a + b)2 (2N + 3) g4
]
. (53)
Remembering Eq. (48), we see that ZΦ depends on the gauge independent combination a+b.
From this, it follows that the anomalous dimension γΦ will also be gauge independent.
The next step is to compute up to two loops the two-point vertex function of the gauge
superfield Γα. The diagrams involved are represented in Figure 3, with the respective diver-
gent contributions given in Table II. We verify that, for any gauge choice, all divergences
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D1 (3 a− b)
{
−pαβ + 3CβαD
2
}
D2 (3 a− b)
{
−pαβ + 3CβαD
2
}
D3 (3 a− b)
{
−pαβ + 3CβαD
2
}
D4 (3 a− b)
{
−pαβ + 3CβαD
2
}
D5 −2 a
{
pαβ + 3CβαD
2
}
D6 −2 a
{
pαβ + 3CβαD
2
}
D7 4
{
(4 a+ b) pαβ + 3 bCβαD
2
}
D8 −
{
b pαβ + 3 aCβαD
2
}
D9 0
Table II: Divergent contributions from each diagram in Figure 3, omitting the common factor
1
8
(
N
192π2ǫ
)
i g4
´
d3p
(2π)3
d2θ Γα (p, θ) Γβ (−p, θ).
cancel among the graphs in Fig. 3. As a consequence, no infinite wave function renormal-
ization of the CS superfield is needed, and therefore the anomalous dimension γΓ vanishes.
This result extends for the massless matter case according to the Coleman-Hill theorem [41],
and it was also verified in previous calculations performed in a specific gauge [15], as well as
in the non-supersymmetric version of the model [42].
Finally, the evaluation of the divergent part of the four-point vertex function associated
to the scalar superfield Φ, up to two loops, involve all diagrams in the Figure 4. The results
are given in Table III, and lead to
S2 loop
(Φ¯Φ)
2 =
i
4 (32π2ǫ)
[
− (5N + 11)λ3 − (a + b) λ2 g2 +
1
4
(a+ b)2 (2N + 5)λ g4
+
1
4
(a+ b)3 (N + 3) g6
]
{δim δnj + δjm δni}
ˆ
d2θΦn (0, θ)Φm (0, θ)Φi (0, θ)Φj (0, θ) ,
(54)
which implies that
Zλ = 1 +
1
2 (32π2ǫ)
[
(5N + 11)λ2 + (a + b) λ g2 −
1
4
(a+ b)2 (2N + 5) g4
−
1
4
(a + b)3 (N + 3)λ−1g6
]
. (55)
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Figure 4: The complete set of two loops diagrams contributing to the four-point scalar vertex
function.
In conclusion, all the renormalization constants ZΦ, ZΓ and Zλ are independent of the
choice of the gauge-fixing parameter. This same property will follow for the renormalization
group functions that are calculated from these constants, and from the procedure described
in [27], to the effective superpotential Keff .
The explicit relations between bare and renormalized quantities are given by
Γα0 = Z
1
2
ΓΓ
α, (56)
Φ0 = Z
1
2
ΦΦ, (57)
α0 = αZΓ, (58)
g0 = µ
ǫ
2 g Z
− 1
2
Γ , (59)
λ0 = µ
ǫλZλZ
−2
Φ , (60)
where µ is a mass parameter introduced to keep g and λ dimensionless. From these, follow
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D1 −14 (5N + 11)λ
3 D2 14 a (N + 2)λ
2 g2 D3 −14 a (N + 4)λ
2 g2
D4 0 D5 −14 (a− b)λ
2 g2 D6 12 (a− b)λ
2 g2
D7 0 D8 18
(
b2 − 4 a b+ 3 a2
)
λ g4 D9 316 (a− b)
2
λ g4
D10 0 D11 14 a (b− a)λ g
4 D12 34 a
2λ g4
D13 34 a (a− b)λ g
4 D14 0 D15 −14 (a− b)
2
λ g4
D16 32 a (b− a)λ g
4 D16 32 a (b− a)λ g
4 D17 14 (a− b)
2
λ g4
D18 18 (a+ b)
2 (1 +N)λ g4 D19 0 D20 −18 (a− b)
2
λ g4
D21 −18 (a− b)
2 (3 a− b) g6 D22 0 D23 116 (a+ b)
3
N g6
D24 18 (a− b)
3 g6 D25 −14 (a− b)
(
a2 + b2
)
g6 D26 0
D27 18 (a− b)
3
g6 D28 12 a
(
a2 + 2 b2
)
g6 D29 116 (a− b) (a+ b)
2
g6
D30 −18 (a− b)
2 (2 a− b) g6 D31 0 D32 0
D33 18 a (a− b)
2
g6 D34 0 D35 −18 a (a− b)
2
g6
D36 18 (a− b)
2 (3 a− b) g6 D37 0 D38 0
D39 0 D40 0 D41 18 (b− a)
3
g6
Table III: Divergent contributions arising from the diagrams presented in Figure 4; all contributions
include the common factor i32π2ǫ {δim δnj + δjm δni}
´
d2θΦn (0, θ)Φm (0, θ)Φi (0, θ)Φj (0, θ), where
all external momenta were set to zero.
the renormalization group functions,
γΓ ≡ −
µ
Γ
d
dµ
Γ =
µ
2ZΓ
d
dµ
ZΓ, (61)
γΦ =
µ
2ZΦ
d
dµ
ZΦ, (62)
βα ≡ µ
d
dµ
α = −2α γΓ, (63)
βg = g γΓ, (64)
βλ = ǫ
λ2
Zλ
∂
∂λ
Zλ +
ǫ
2
λ g
Zg
∂
∂g
Zg + 4λγΦ. (65)
From these definitions, and the results presented in this section, we obtain
γΦ =
1
4 (32π2)
{
(N + 1) λ2 − (2N + 3) g4
}
, (66)
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γΓ = βα = βg = 0, (67)
and
βλ =
1
16π2
{
3 (N + 2)λ3 + λ2 g2 − 2 (N + 2)λ g4 − (N + 3) g6
}
. (68)
As stated before, these functions are independent of the gauge-fixing parameter. Our
results agree with reference [15], except for overall numerical factors that arise due to their
different definition of the scale µ. We stress however that in [15] the authors considered as
true the gauge independence of the these functions, a fact that has to be checked explicitly.
VI. CONCLUSION
The gauge independence of physical observables is an essential point to consider when
studying gauge theories. In relation to the effective potential, which plays an essential role
in the mechanism of symmetry breaking in many relevant models, the Nielsen identity is
the key to understand how the effective potential can depend on the gauge choice, and yet
physical quantities evaluated at its minima can be gauge independent.
In this paper we studied the Nielsen identity for a supersymmetric Chern-Simons model
in the superfield formalism. After deriving the Nielsen identity in the superfield language, we
argue that an explicit calculation of the complete effective superpotential V Seff , including any
possible gauge dependence, is still a technically difficult task. As a first step in this direction,
we consider the part of the effective superpotential which do not depend on supercovariant
derivatives of the background scalar superfield, Keff . It was already shown in [27] that
Keff can be calculated from the renormalization group functions, using the RGE. We then
verify, by means of an explicit calculation, that the beta and gamma functions are gauge
independent and, therefore, so is Keff . Our results agree with the ones previously found in
the literature, that were calculated in a specific gauge.
As a future perspective, we will try to extend these results to the full effective superpoten-
tial V Seff . This should be possible with the results given in this article, and same techniques
used in [27], but generalized to the multiscale case [37, 38]. If these techniques are shown to
be robust enough to prove that all terms in V Seff are fixed in terms of the coefficients of the
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beta and gamma functions, we may be finally able to establish the gauge independence of
the full effective superpotential V Seff .
Also, a generalization of this study for non Abelian models would be an interesting
endeavor. Already at the perturbative level, in a non Abelian model the computation of
the renormalization group functions would involve several additional diagrams, and even
the ones already existent will be modified by group theoretical factors. So, it is not obvious
that the dependence on the gauge parameter α, that cancelled among all diagrams in the
Abelian case, as we shown, will also cancel in the non Abelian case. This would make the
study of the Nielsen Identity much richer, since this identity would then be essential do
prove the gauge invariance of the physical properties of the symmetry breaking. Finally, in
non Abelian gauge theories there are also non perturbative aspects that are relevant, e.g.,
Gribov copies. These are profound questions that deserves more study.
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Two Loops Integrals
In obtaining the results in this paper, we have used the following two loops integrals in
Minkowski spacetime, with spacetime metric ηαβ ≡ diag (−,+,+), where dDl ≡ µǫd3−ǫl,
D = 3− ǫ, and Cαβ is the antisymmetric tensor used to lower and raise spinor indices [29].
I1 =
ˆ
dDkdDq
(2π)2D
1
(k + p)2 (q + k)2 q2
= −
1
32π2ǫ
, (69)
I2 =
ˆ
dDkdDq
(2π)2D
qαβ
(k + p)2 (q + k)2 q2
= −
pαβ
96π2ǫ
, (70)
I3 =
ˆ
dDkdDq
(2π)2D
kαβ
(k + p)2 (q + k)2 q2
=
pαβ
48π2ǫ
, (71)
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I4 =
ˆ
dDkdDq
(2π)2D
kαβ qθλ
(k + p)2 k2 (q + k)2 q2
=
1
192π2ǫ
(Cαθ Cβλ + Cβθ Cαλ) (72)
I5 =
ˆ
dDkdDq
(2π)2D
kµν kθλ
(k + p)2 k2 (k + q)2 q2
= −
1
96π2ǫ
(Cµθ Cνλ + Cνθ Cµλ) , (73)
I6 =
ˆ
dDkdDq
(2π)2D
qλθ kβρ
(k + p)2 (p+ q)2 (k − q)2 q2
=
ˆ
dDkdDq
(2π)2D
qλθ kβρ
(k + p)2 (p+ q)2 (k − q)2 k2
= −
1
192π2ǫ
(Cλβ Cθρ + Cθβ Cλρ) , (74)
I7 =
ˆ
dDkdDq
(2π)2D
qµβ qθλ
(k + p)2 (p+ q)2 (k − q)2 q2
=
ˆ
dDkdDq
(2π)2D
kµβ kθλ
(k + p)2 (p+ q)2 (k − q)2 k2
= −
1
96π2ǫ
(Cµθ Cβλ + Cβθ Cµλ) , (75)
I8 =
ˆ
dDkdDq
(2π)2D
qµν qλθ kρσ
(k + p)2 (q + p)2 (k − q)2 q2
=
ˆ
dDkdDq
(2π)2D
kµν kλθ qρσ
(k + p)2 (q + p)2 (k − q)2 k2
=
1
320π2ǫ
{
(CλρCθσ + CθρCλσ) pµν + (CµρCνσ + CνρCµσ) pλθ +
8
3
(CµλCνθ + CνλCµθ) pρσ
}
,
(76)
I9 =
ˆ
dDkdDq
(2π)2D
qµλ kζθ kκρ
(k + p)2 k2 (k + q)2 q2
= −
1
480π2ǫ
{(Cµζ Cλθ + Cλζ Cµθ) pκρ
+ (CζκCθρ + CθκCζρ) pµλ + (Cµκ Cλρ + Cλκ Cµρ) pζθ} , (77)
I10 =
ˆ
dDkdDq
(2π)2D
kλθ kµν kκρ qσγ
(k + p)2 k2 (k + q)2 k2q2
=
1
960π2ǫ
{(CλµCθν + CθµCλν) (Cκσ Cργ + Cρσ Cκρ)
+ (CλκCθρ + Cθκ Cλρ) (Cµσ Cνγ + Cνσ Cµγ) + (Cλσ Cθγ + Cθσ Cλγ) (Cµκ Cνρ + CνκCµρ)} ,
(78)
I11 =
ˆ
dDkdDq
(2π)2D
kδθ kσρ qβγ qαλ
(k + p)2 (p+ q)2 (k − q)2 k2q2
= −
1
5 (384π2ǫ)
{6 (Cδσ Cθρ + Cθσ Cδρ)×
(CβαCγλ + CγαCβλ) + (Cδβ Cθγ + Cθβ Cδγ) (Cσα Cρλ + CραCσλ)
+ (CδαCθλ + CθαCδλ) (Cσβ Cργ + Cρβ Cσγ)} , (79)
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I12 =
ˆ
dDkdDq
(2π)2D
kδθ kσρ qβγ qαλ
(k + p)2 (q2)2
[
(k − q)2
]2 =
ˆ
dDkdDq
(2π)2D
kδθ kσρ qβγ qαλ
(k2)2 (q + p)2
[
(k − q)2
]2
=
1
4 (160π2ǫ)
{
−
2
3
(Cδσ Cθρ + Cθσ Cδρ) (CβαCγλ + CγαCβλ) + (Cδβ Cθγ + Cθβ Cδγ)×
(Cσα Cρλ + CραCσλ) + (Cδα Cθλ + CθαCδλ) (Cσβ Cργ + Cρβ Cσγ)} , (80)
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